taken were unjustifiable on grounds of radiological protec-
tion, while some that were worth while, such as taking stable
potassium iodide in the month after the accident to prevent
uptake of radioiodine by the thyroid, were implemented by
only about a fifth of the population.

Although the IAEA project found numerous health prob-
lems unrelated to Chernobyl, it found no health effects, other
than psychological ones, that could be confirmed as directly
attributable to radiation. This is not surprising for several
reasons. The project’s remit excluded those likely to have
received the highest doses —namely, rescue workers, workers
at the plant itself, and those who had been evacuated. Only
about 1350 people currently living in the area and readily
available were included in the survey. This number is big
enough to identify major discrepancies between contaminated
and control villages in the prevalence of common disorders or
in the average value of variables such as haemoglobin
concentration, but it is too small to detect a modest increase in
cancers or other serious but rare disorders. Furthermore,
many effects would not yet have had time to appear. Other
studies of the effects of exposure to radiation have found the
highest relative increase for leukaemia occurring within five
years of exposure,’ but for many other cancers increases even
five to 10 years after exposure are modest compared with
those in later years.’ Hypothyroidism may also take many
years to manifest itself.

Risk estimates based on the experience of other exposed
populations provide a rough guide to the likely ultimate toll
from Chernobyl in those continuing to live in contaminated
areas.* With IAEA project estimates of dose in the 70 years
after the accident and a dose rate reduction factor of 2 for
cancers other than leukaemia, the estimated increase in the
overall risk of fatal cancer is about 2-4% in the contaminated
area, with the possibility of larger proportionate increases in

the incidence of thyroid cancer and also in some cases of
hypothyroidism. Accurate forecasting is, however, difficult.
Official Soviet procedures for dose assessment often resulted
in overestimates, typically by factors of 2-3. The largest doses
are thought to have been thyroid doses resulting from
shortlived radioiodines. These had completely decayed before
the IAEA project, thus preventing any refinement of initial
Soviet estimates. Furthermore, although much is known
about the effects of radiation, the Chernobyl experience
differs from other events that have been studied intensively to
date: a substantial proportion of the dose was from internal
irradiation, dose rates were low, and thyroid doses were of a
mixture of shortlived radioiodines. In view of all these
uncertainties monitoring of the population, such as has
started in the Ukraine,’ seems desirable even though the data
may require careful interpretation.

The IAEA team found Soviet scientists and doctors battling
against a complex administration with inadequate resources,
often in isolation from recent scientific developments, and in
an atmosphere of public mistrust. They need our patience,
sympathy, and any real help we can give them.

SARAH C DARBY
Staff Scientist

GILLIAN K REEVES"

Statistician
ICRF Cancer Epidemiology Unit,

Radcliffe Infirmary, Oxford OX2 6HE
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Artificial blood

Mostly on the drawing board

The term “artificial blood” is loosely applied to substitutes
designed to replace the oxygen carrying capacity of human red
cells. Clinically acceptable solutions for replacing plasma
volume have been available for many years, but the quest for a
replacement to red cell transfusions continues. Its potential
advantages are considerable— no risk of transmissible disease,
no need to cross match, a shelf life of years rather than weeks,
and an unlimited supply manufactured on demand.

Research has focused on two main approaches: developing
synthetic oxygen carrying compounds and producing solu-
tions of haemoglobin. Progress has been slow, for two main
reasons —toxicity and brief intravascular dwell times.'*

The development of genuinely artificial blood substitutes
began dramatically with the finding that submerged mice
survived in oxygenated solutions of perfluorocarbon.® Per-
fluorocarbons are biochemically inert and in their liquid form
have a high solubility for oxygen, proportional to the partial
pressure of oxygen. Their main disadvantages are the need for
very high inspired oxygen concentrations (with the attendant
dangers of oxygen toxicity) and their insolubility in water.
This is overcome by producing emulsions, but these are
unstable and must be stored frozen at —20C. Reconstitution,
warming, oxygenation, and the administration of a test dose
to assess tolerance are then required before the solution is
ready for intravenous infusion. The reticuloendothelial
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system quickly clears the microdroplets of emulsion from the
circulation, resulting in a short intravascular half life of only
8-24 hours. Excretion occurs over seven days, mostly through
the lungs. Uptake by the reticuloendothelial system and the
possibility of “immune blockade” has raised concerns about
safety. Intravenous infusion of certain emulsions also seems to
activate complement and stimulate the release of cytokines,
resulting in transient “‘allergic” reactions such as hypoten-
sion, leucopenia, and chest pain.

Fluosol DA20 was the first perfluorocarbon produced
commercially for human use, delivering 5 ml oxygen/100 ml
perfluorocarbon at 100% oxygen,” and animal studies also
showed that Fluosol DA20 could sustain life at “zero” packed
cell volume. Unfortunately, in surgical patients with acute
severe anaemia (haemoglobin 30-40 g/l) who could not be
given transfusions for religious reasons, Fluosol DA20 was
ineffective in delivering sufficient oxygen to sustain life at the
doses permitted (40 ml/kg).?® Another use has, however, been
found for it. Fluosol DA20 reduces ischaemic damage to the
myocardium during percutaneous transluminal coronary
angioplasty (presumably because of its small particle size and
low viscosity at low rates of blood flow in small blood
vessels),’* and is licensed for this indication in the United
States. Although not licensed in Britain, it has been used
successfully on a named patient basis.
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Other perfluorocarbons may eventually be shown to substi-
tute satisfactorily for blood. One such compound is per-
fluoroctobromide, which has five times the oxygen carrying
capacity of Fluosol DA20 and can be stored at 4°C. It has been
successfully tested in dogs, and the results of studies in
humans are awaited.

A solution of haemoglobin is particularly attractive as a
blood substitute because it retains some of the essential
characteristics of blood in carrying an equivalent amount of
oxygen with normal inspired air, unloading oxygen satisfac-
torily in the tissues, and contributing to colloid oncotic
pressure. Extracting haemoglobin from red cells to produce a
cell free oxygen carrying solution would seem relatively
simple, but the first red blood cell haemolysates caused acute
renal failure,' and interest waned until the red cell stroma was
shown to be the main nephrotoxic agent." Early clinical
studies of stroma free haemoglobin, however, showed that
even “pure” stroma free haemoglobin is nephrotoxic and
hypotensive."

Several other problems exist with stroma free haemoglobin.
Once outside the red cell the haemoglobin tetramer rapidly
dissociates to dimers, which are excreted in the urine. (This
results in an intravascular half life of only two to four hours.)
The loss of 2,3-diphosphoglycerate results in a high oxygen
affinity. Although much effort has been spent on “normalis-
ing” haemoglobin chemically, such solutions may be used
only at concentrations of 70 g/l because of their high colloid
oncotic pressure. Another problem is that haemoglobin
slowly oxidises to methaemoglobin unless stored frozen,
under nitrogen, or in a vacuum. There are also concerns about
immune blockade after large infusions, with possibly
increased susceptibility to infection.” Despite these limita-
tions solutions of stroma free haemoglobin can sustain life in
animal models even at a zero packed cell volume and show
acceptable oxygen transport characteristics in vivo.’"* They
are therefore serious contenders as short term blood substi-
tutes.

Because of technical difficulties it was not until the 1980s
that a new generation of commercial haemoglobin products
became available for clinical trials. Poly SFH-P was produced
by polymerising pyridoxalated stroma free haemoglobin with
glutaraldehyde, a process that is partially virucidal and
reduces the colloid oncotic pressure, enabling the production
of a solution of “normal” haemoglobin concentration (140
g/).

The first studies in humans began in 1989: of six people
given 0-25 g/kg (equivalent to 120 ml blood), one had a mild
allergic reaction, but otherwise no adverse biochemical, renal,
or haematological effects occurred.’” In further studies,
however, patients given infusions postoperatively suffered
allergic reactions with flu-like symptoms and chest tightness
lasting some two hours and the trials were cancelled (J C
Fratantoni, international symposium on blood substitutes,
Montreal, 1991)."

Shortly after this setback, the US Food and Drug Adminis-
tration called a closed meeting of companies researching into
stroma free haemoglobin. (This unusual step reflected the
lack of scientific peer review and open scientific exchange of
information between the various research groups, resulting
from understandable, but excessive, commercial secrecy.)
The meeting was followed by specific guidance from the Food
and Drug Administration’s Center for Biologics Evaluation

and Research on what safety tests would be required before
licensing.”

Earlier this year SFH, a glutaraldehyde polymerised bovine
haemoglobin, was granted trial status in the United States—
presumably on the basis of the new Food and Drug Adminis-
tration regulations and the report of successful infusion in

BM] voLUME 303 30 NOVEMBER 1991

volunteers in Guatemala'®). This product was developed
despite concerns about the possible immunogenicity of
“foreign” haemoglobin. In animals, repeated exposure to
heterologous haemoglobin can cause severe anaphylactic
reactions,’ and when adverse reactions were reported in
studies in humans further clinical studies were suspended (J C
Fratantoni, international symposium on blood substitutes,
Montreal, 1991). The main problem with these compounds is
the lack of a suitable animal test model —the only reliable
safety data seem to come from humans. It now looks as if
commercial application of stroma free haemoglobin will be
delayed by several years while the problems of safety are
addressed further.

Encapsulating haemoglobin inside synthetic lipid
membranes (liposomes) to produce artificial red cells has been
another attempt to mimic blood.? Although this avoids the
problems associated with removing haemoglobin from its
natural environment within the red cell, the technical prob-
lems of formulating a stable microencapsulated solution have
been formidable. High pressure extrusion systems have been
developed to generate satisfactory liposomes,” but further
modifications of the lipid envelope are necessary to improve
biocompatibility and the short intravascular half life (4-20
hours). Incorporating carbohydrates, cholesterol, and phos-
pholipids increases biocompatibility, and it is now possible to
produce liposomes robust enough to be freeze dried for long
term storage,' which may reduce the problem of oxidation to
methaemoglobin. As yet materials are not sufficiently
advanced for clinical trials.

Using human (or even bovine) blood as the source of
haemoglobin is not without problems. Apart from the
possibility of contamination with infectious agents, the
supply of human blood is limited, and only outdated blood
can be spared at present. In countries where red cells are in
surplus and blood supplies are dominated by the need for
plasma for factor VIII and albumin, diverting surplus red
cells may become acceptable. It is doubtful, however,
whether the supply could satisfy the likely demand once a safe
substitute became available since there is continued pressure
from the public for the unattainable goal of “zero risk”
transfusions. In these circumstances haemoglobin solutions
might well substitute for the one to two unit surgical
transfusions (about half of all blood transfused) which could
be diverted to the manufacture of haemoglobin solutions.

This has encouraged biotechnological approaches. The
production of recombinant haemoglobin in micro-organisms
is now possible,” as is the creation of transgenic animals to
produce “human’’ haemoglobin.” By genetic engineering, the
o and p haemoglobin chains can be modified so that they
combine to produce a stable tetramer with acceptable oxygen
affinity without the need for chemical modification. This is an
important technical advance for bulk manufacture, and
products are close to clinical trial; it remains to be seen
whether the toxicity associated with red cell extracted haemo-
globin solutions is avoided. The breeding of transgenic pigs,*
which produce human as well as porcine haemoglobin in their
red cells, raises the possibility of an alternative large scale
supply for the manufacture of haemoglobin solutions. The
substitution of pig donors for human donors raises the
possibility of religious and animal rights objections in addi-
tion to the usual problems with haemoglobin solutions.

No clinically acceptable blood substitutes are currently
available for routine use in short term blood replacement.
Although perfluorocarbons and haemoglobin derivatives are
effective in laboratory studies and in experimental animal
models, their short intravascular half life limits their use to
short term or emergency replacement. Even then it is
debatable whether their additional oxygen carrying capacity
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gives them much of an advantage over conventional volume
replacement with crystalloids or colloids unless extreme
anaemia prevails. Concerns about safety (either immediate
allergic responses or long term effects) limit the maximum
clinical doses acceptable even in trials, and this remains the
most important problem to be resolved —as it has for the past
50 years.

S J URBANIAK
Regional Director,

Aberdeen and North East of Scotland Blood Transfusion Centre,
Royal Infirmary, Aberdeen AB9 2ZW
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The health strategy and the hole at the centre

Central government needs a mechanism for collaboration

Successive governments have failed to articulate a policy for
health as distinct from health services. The NHS has become
a catch all for all aspects of health and health care and as a
result is expected to deliver the undeliverable. If the govern-
ment’s health strategy' is to remain durable beyond the life of
the present secretary of state for health there needs to be both
a mechanism for considering health in general and a culture
that supports such a development and will enable it to become
embedded in the organisational life of Whitehall. How the
health strategy is implemented is therefore a central issue that
will determine its ultimate fate.

In its strategy the government acknowledges the need for
central government departments to work together for the
greater good of the public’s health and for suitable joint
working between central government and other agencies,
notably local authorities. The logic is impeccable, but the
proposed mechanisms for securing these ends do not inspire
confidence. The Department of Health has not been notably
successful in promoting policies for health, as distinct from
health services. Remember Barbara Castle’s “red book” on
prevention and health, that appeared in 19762

Coordination of policy covering the frontiers of different
departments and agencies is a major challenge to our govern-
mental system. Cabinet government is meant to evolve a
corporate strategy, but central government does not naturally
operate corporately. The Whitehall “village” makes a great
pretence of taking collaboration seriously,’* and in one sense
it succeeds. Whitehall is riddled with interdepartmental
committees, but these are designed less to promote cross
departmental working ‘than to provide a mechanism for
defending departmental interests and to prevent them from
being diluted or lost sight of. They are a negative force to
preserve the status quo rather than an instrument for policy
change. On top of this is an almost pathological distaste for
long term problem solving and a preoccupation with issues of
immediate concern to ministers and their survival.

The most developed example of an ill fated attempt to
establish effective cross departmental working was the JASP
initiative (Joint Approach to Social Policy), which enjoyed a
short life in the mid 1970s.*” This strategic forum was a
serious attempt to break the Whitehall mould, but it withered
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for want of ministerial support as ministers lost interest in a
forum from which their individual departments derived little
direct benefit.*

An initiative similar to JASP might usefully broaden the
debate about health, and, conceivably, the health strategy
steering group could provide the basis for such a venture
But whether it should reside in the Department of Health is
arguable. Should the Department of Health be even trying to
give a lead?’ The department’s primary responsibility is for
the NHS, and as long as its attention is devoted to problems
arising within the service there is little chance of it attending
to health in its broader sense." The urgent will forever drive
out the important. Also, large tracts of public policy affecting
health fall not within the Department of Health’s grasp but
within that of the Department of the Environment—which
might be a more appropriate department to assume the health
mantle.

The precise mechanism of filling the hole at the centre
matters less at this stage than the recognition that the hole
needs to be filled effectively if a strategy for health is to
survive. The New Zealand government has acknowledged the
realities of organisational life and has separated the funding
and management of public health services from personal
health services." We need to consider whether a similar
arrangement is not also necessary in the United Kingdom.
Mere exhortations to collaborate are not enough to secure

action.
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